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[57] ABSTRACT 

A double-wall composite pipe is produced by inserting 
an inner pipe in an outer pipe, filling the inner pipe with 
cold water under pressure to cause the inner pipe to 
expand plastically into tight contact with the outer pipe, 
applying heat to the outer part of the outer pipe by 
high-frequency induction heating, thereby to establish a 
locally heated zone thereof around the circumference 
thereof and causing the heated zone to travel from one 
end to the other end of the outer pipe thereby to cause 
it to successively expand locally in diameter in the trav- 
elling heated zone. The pressure in the inner pipe then is 
removed, the pipes thereafter being permitted to attain 
the ambient temperature, thereby to obtain an interfer- 
ence fit therebetween. 

5 Claims, 3 Drawing Figures 
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cause the outer tube to expand in diameter; and then 
METHOD OF PRODUCING MULTIPLE-WALL, removing the pressure in the inner tube, the tubes- there- 
COMPOSITE TUBULAR STRUCTURES after being permitted to attain the ambient temperature 

thereby to obtain a fit of high degree of tightness or 
BACKGROUND OF THE INVENTION 5 interference therebetween. 
This invention relates generally to the production of The nature, utility, and further features of this inven- 
composite metal tubes having laminated multiple walls tion will be more clearly apparent from the following 
and used for piping in chemical and other plants, as oil detailed description with respect to preferred embodi- 
and gas well tubing, for oil and gas pipelines, and like ments of the invention when read in conjunction with 
pipes. 10 the accompanying drawings, briefly described below. 

ch^e? S^S^^SZSASL for BRIEF DESCRIPTION OF THE DRAWINGS 

transporting fluids such as those containing corrosive In the drawings: 

substances, there are double-wall pipes in each of which FIG. 1 is a side view, in longitudinal section, showing 
the inner pipe or liner tube is made of a corrosion-resist- 15 the essential parts of one example of apparatus for prac- 
ant material for effective conducting of corrosive fluid, ticing the method of the invention; 
while the outer pipe is designed to provide strength to FIG. 2 is a relatively enlarged, fragmentary side view 
withstand internal pressures and external forces. For indicating a state of heating to establish a heated zone; 
example, there is a double-wall pipe comprising a stain- and 

less-steel inner pipe and a carbon-steel outer pipe in 20 FIG. 3 is a graph indicating stress-strain relationships 
which the inner pipe is fitted. fpr a description of the changes occurring in inner and 

Among the known methods of producing such com- oute r tubes in the method of the invention, 
posite pipes, the shrinlc-fit method and other tube heat- 
ing and expanding methods have been developed. In a DETAILED DESCRIPTION OF THE 
known method disclosed in U;S. Pat. No. 3,064,344 to 25 INVENTION 
Arne, the inner pipe is inserted into the outer pipe and ^ ^ embodiment of this invention which will be 
expanded into contact with the inner surface of the descri bed with reference to FIG. 1, the method of this 
outer pipe, and then the outer pipe is heated the outer mvention is applied to a ^ double-wall tube 1 to be 
pipe thereafter being cooled and shrunk thereby to uscdasBD oil . well pipet ^ doub i e - W all tube 1 com- 
obtam atight or mterference fi^ 30 ^ tube2of a carbonsteel for example, and 

In ^ 5 C ™f P* 6 I s * nt0 an inner tube 3 of a corrosion-resistant material, such as 

contact with the inner surface of the outer pipe, the two ^ ^ ^ fe suitable procedure in ^ 

pipes are brought into tight heat transferrag rehtion- 2. The^me 1 is suitably supported in fixed 

ship so that even if the outer pipe is heated thereafter for 44 . . , m. ' •* r *u* 

thermal expansion thereof, a substantial temperature 35 f te by means not shown The opposite ends of this 

difference cannot be established between the outer and double-wall tube 1 are ti^itly closed by closing plugs 4 

inner pipes. This means that the method is difficult to r f P«*vely coupled o hydrauhc-prcssure ; jacks (not 

put into practice. Therefore, in order to enable estab- shown) for applying closing force to the plugs. One of 

lishment of a substantial temperature difference be- these j>lugs provided with a liquid passage 6 through 

tween the pipes, it is necessary to provide a clearance 40 which a liquid for tube expanding such as, for example, 

between the pipes before the heating of the outer pipe is cold water 5 at a temperature of approximately zero 

carried out degrees Centigrade is fed by a positive-displacement 

Furthermore, according to this method, a considera- pumping means (e.g, a plunger pump, not shown) to fill 

bly large-scale heating device comprising a large nuni- toe interior of the inner tube 3. 

ber of heating elements or the like must be provided on 45 T^*. af *e r the interior of the inner tube 3 has become 

the outer side of the outer tube, whereby the required Ml - of water » pressure F is applied to this water , by 

equipment becomes disadvantageous^ large and expen- means of the plunger pump thereby to impart a tube- 

sive. Another difficulty arises in the case of tubes of expanding pressure P to the entire inner wall surface of 

long length in that the weight of the apparatus and toe «n« tube 3. Thereafter, the applied liquid pressure 

equipment becomes great, whereby the operation and 50 *s maintained at a valuer of an order to impart plastic 

maintenance thereof become troublesome. deformation to the inner tube 3. The inner tube 3 is 

therefore pressed into tight contact with the inner sur- 

SUMMARY OF THE INVENTION facc of the outer tube 2. 

It is an object of this invention to provide a method of With the double-wall tubel in this state,; the outer 

producing multiple-wall, composite tubular structures 55 tube 2 is heated locally in an annular heated zone 

in which method the above described difficulties en- thereof around its cylindrical wall to a specific tempera- 

countered in the practice of known methods are over- ture, the annular heated zone being caused to travel at 

come. constant speed from one end A to the other end B of the 

According to this invention, briefly summarized, outer tube 2. This mode of heating of the outer tube 2 is 

there is provided a method of producing multiple-wall 60 accomplished by a suitable high-frequency induction 

composite tubes which comprises: inserting an inner heating device 11 annularly encircling the outer tube 2 

tube into an outer tube; applying pressure to the interior and riding on rollers 10 rolling along a plurality of rails 

of the inner tube thereby to cause the inner tube to 1 supported on the outer side of the double-wall tube 1 

expand plastically into tight contact with the outer tube; and extending parallelly to the axis thereof. The heating 

with the inner and outer tubes in this state, applying 65 device 11 is driven along the rails 7 frdto the end A to 

heat from the outside only to the outer tube by high-fre- the end B by a locomotive truck or carriage 9 driven by 

quency induction heating thereby to create a tempera- a driving motor 8 ' thereby to cause the .annular heated 

ture difference between the outer and inner tubes and to zone to travel as described above. 
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The outer tube. 2 is thus heated in the annular heated 
rone by the heating device 11 to a depth which is made 
as near the inner side of the outer tube 2 without any 
appreciable heat transmission to the inner tube 3 as 
indicated in FIG. 2, in which the heated zone is repre- 5 
sented in a simplified manner in longitudinal section as 
the area 12 of raised temperature of the order of 300° C, 
for example. Depending on the design, the outer tube 2 
may be heated on only its outer portion. 

It is to be noted that the use of a high-frequency L0 
induction heating device in this invention is advanta- 
geous in that the high-frequency induction heating can 
be controlled easily as to the depth of the portion of 
material to be heated thereby. This means that the heat- 
ing device 11 can be so controlled as to apply heat only 15 
to the outer tube 2 and not to the inner tube 3. There- 
fore, establishment of substantial temperature difference 
between the outer and inner tubes can be made possible 
even in the state where the inner tube 3 is pressed 
against the inner surface of the outer tube 2 and there is 20 
no clearance between the two tubes. 

Thus/as the high-frequency heating device 11 travels 
in the longitudinal direction of the double-wall tube 1, 
the heated portion 12 travels from the end A to the end 
B. As a consequence, in the traveling heated zone, the 25 
tube-expanding force due to the hydraulic pressure 
applied to the interior of the inner tube 3 causes the 
inner tube to expand plastically in diameter so as to 
conform to the thermally increased diameter of the 
outer tube 2. After the heated zone has passed by each 30 
portion of the tube 1, the inner and outer tubes in that 
portion shrink in diameter. 

These changes in diameter can be described more 
clearly by means of the graphical representation of 
FIG. 3 indicating local stress-strain relationships. The 35 
stress-strain (hoop tension versus variation in diameter) 
relationship of the inner tube 3 is indicated by curve Pi. 
The inner tube 3 has an initial, natural outer diameter as 
at a but, when it is Filled with the cold tube-expanding 
liquid 5, is cooled and contracts to the state indicated at 40 
b. Then, when the liquid pressure is increased, the tube 
expanding force F (hoop tension) acting on the inner 
tube 3 increases, whereby its diameter expands until it 
yields and can undergo plastic deformation. 

On the other hand, the inner diameter of the outer 45 
tube 2 as indicated by curve Po increases slightly from 
diameter d to diameter e as a consequence of the effect 
of heat of the heated area 12 as the high-frequency 
heating device 11 travels over each portion of the outer 
tube 2 as indicated in FIG. 2. When the outer tube 2 50 
assumes this state at e, the outer tube 2 expands and 
reaches a point f. At the same time, since the inner tube 
3 is in a plastically deformable state, it follows the ex- 
pansion of the outer tube 2 and reaches the state c. The 
heated region .12 of the outer tube 2 does not reach the 55 
inner tube 3 as stated hereinbefore. 

When the above described state at each portion of the 
tube 1 comes to an end, that is, when the high-frequency 
heating device 11 has passed by that portion, the heated 
region 12 no longer exists, and a cooling state com- 60 
mences. As a consequence, the outer tube 2 is cooled 
and shrinks, the hoop stress, begins to disappear, and 
inner tube 3 also shrinks in a similar manner. . 

Then, when the high-frequency heating device 11 
reaches the terminal end B t the plugs 4 are. removed to 65 
discharge the tube-expanding water 5 and release the 
tube-expanding pressure, whereby both the inner tube 3 
and the outer tube 2 are no longer subjected to tube- 
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expanding force and thereby respectively shrink to 
unstressed states at g and h as indicated in FIG. 3. At 
the same time, the temperature of the inner tube 3 rises 
from the previous cooled value to the natural ambient 
temperature,, whereby the diameter of the inner tube 
tends to increase from g to i, while the outer tube 2 is 
cooled and tends to shrink from h to j. As a result, a 
tight or interference fit corresponding to AD is obtained 
between the two tubes. 

In the above described process, since the heated re- 
gion 12 does not reach the inner tube 3, the temperature 
of the tube-expanding water 5 does not rise, whereby 
the water retains its cooling effect. 

The modes of practicing this invention are not lim- 
ited, of course, to those of the above described embodi- 
ment of the invention, various other modes being possi- 
ble. 

In one example of specific experimental practice of 
this invention, an inner tube of stainless steel (AISI 
316L) of 1-mra wall thickness was inserted in a carbon- 
steel outer tube of an inner diameter of 90 mm and 9-ram 
wall thickness, and a hydraulic pressure of 800 
Kg/mm 2 was applied to the interior of the inner tube. 

The composite tube thus formed was heated, while 
the internal pressure was being applied to the inner 
tube, according to the method of this invention by a 
high-frequency induction heating device comprising 
essentially an induction coil adapted to encircle the 
outer tube and having a width of 120 mm in the longitu- 
dinal or axial direction of the tubes. Electric current at 
a frequency of 3 KHz was passed through this induction 
coil as it was caused to travel in the axial direction at a 
speed of 300 mm/minute, whereby each point or cross 
section of the outer tube was heated for a period of 
approximately 25 seconds. 

As a result, it was found that the outer tube tempera- 
ture was 350* C. (average) and that of the inner tube 
was. 50* C. (average). 

The heating devices embodying this invention are not 
limited, of course, to that of the above described em- 
bodiment of the invention, various other modes being 
possible. For example, a high-frequency induction heat- 
ing device of a shape corresponding to a convolution of 
a helix can be used to heat the outer tube 2 along a 
helical heating path. 

Furthermore, the method of producing composite 
tubes according to this invention is not limited to pro- 
ducing tubes for oil and gas well tubings but is also 
advantageously applicable to the production of pipes 
for fluid-conveying pipelines, pipes for piping in plants, 
and other pipes and tubular and cylindrical structures. 

The annular heating device used in the method of this 
invention is advantageous in that it is basically applica- 
ble to composite tubes of any length because the heating 
device is of a locally-heating traveling type and is not 
required to cover the entire length of each composite 
tube. Another feature is that this heating device of local- 
ly-heating traveling type can be made relatively small 
and simple in construction. Accordingly, the space 
occupied by the entire apparatus can be reduced, and 
the initial cost can be lowered. Furthermore, the main- 
tenance of the apparatus is facilitated and made safe. 

Still another merit of the embodiment of this inven- 
tion is that, since the heating device is adapted to travel 
in the axial direction of the composite tube, the quantity 
of heat imparted to the outer tube 2 can be regulated by 
adjusting the traveling speed of the heating device, 
which is advantageous for control purposes. By such 
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control, heating can be carried out in a concentrated 
manner in a short time. 

A further feature of this invention is that, since a 
relatively low temperature for heating is sufficient to 
create a temperature difference between the two pipes, 
the product precision can be made high without causing 
deterioration of the properties of the outer tube, and 
there is no heating of the pressure applying liquid, 
whereby a separately provided cooling liquid is not 
necessary. 

While this invention has been described above with 
respect to one embodiment thereof in which two tubes 
are fitted together to form a dual or double-wall tube, it 
will be apparent that the principle of this invention can 
be advantageously applied to the production of other 
multiple- wall composite tubes formed from more than 
two tubes. 

What is claimed is: 

1. A method of producing multiple-wall composite 
tubes, said method comprising: 

inserting an inner tube into an outer tube; 

applying pressure to the interior of said inner tube 
and thereby causing said inner tube to expand plas- 
tically into tight contact with said outer tube; 

with said inner and outer tubes in such state of tight 
contact, and while said pressure is maintained ap- 
plying heat from the outside to said outer tube only 
without applying substantially any heat to said 
inner tube and thereby creating a temperature dif- 
ference between said inner and outer tubes and 
causing said outer tube to expand in diameter, said 
applying heat comprising establishing, by high-fre- 
quency induction heating means, a locally heated 
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zone of said outer tube substantially around the 
circumference thereof, and causing said heated 
zone to travel from one end to the other end of said 
outer tube, thereby causing said outer tube to suc- 
5 . cessively expand locally in the traveling heated 
zone; and 

then removing said pressure from the interior of said 
inner tube, and permitting said tubes thereafter to 
obtain ambient temperature and obtain a fit of high 
10 degree of interference therebetween. 

2. A method of producing multiple-wall composite 
tubes as claimed in claim 1, comprising arranging said 
high-frequency induction heating means in substantially 
annular arrangement around said outer tube, and mov- 

15 ing said means parallelly to the longitudinal axis of said 
outer tube from said one end to said other end thereof. 

3. A method of producing multiple-wall composite 
tubes as claimed in claim 1, wherein said pressure is 
applied to the interior of said inner tube by closing the 

20 opposite ends of said inner tube, filling the interior 
thereof with a liquid, and pressurizing said liquid. 

4. A method of producing multiple-wall composite 
tubes as claimed in claim 3, further comprising main- 
taining said liquid in said inner tube at a low tempera- 

25 ture and thereby increasing the temperature difference 
between said tubes. 

5. A method of producing multiple-wall composite 
tubes as claimed in claim 1, comprising operating said 
high-frequency induction heating means to heat locally 

30 said outer tube along a helical path therearound with a 
helical pitch sufficient for full heating coverage of said 
outer tube. 
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